Background and Aims: Influenza virus is a major pathogen involved in respiratory illnesses during winter seasons. A variety of diagnostic methods have been developed to identify influenza viruses in clinical specimen. Methods: Nasal and pharyngeal samples taken from patients were inoculated into MadinDarby canine kidney (MOCK) cells and embryonated chicken eggs (ECEs). The culture media was assayed for hemagglutination (HA). Tissue culture supernatant and clinical specimens were used for RNA extraction, followed by reverse transcriptase-polymerase chain reaction (RT-PCR) using specific primers for influenza virus typing and subtyping. Results: 21% of the samples were positive by RT-PCR while only 8.7% and 3.5% were positive by culturing in MOCK and ECE respectively. Conclusion: This study demonstrated that RT-PCR is more effective and sensitive than tissue culture for the diagnosis of influenza virus infection.
Introduction
nfluenza is an important viral infection because of its propensity for seasonal epidemics and occasional pandemics. There are three types of influenza viruses: A, Band C. Influenza viruses A and B cause respiratory disease in human. Influenza A causes a significant health burden, because it is the one causing most of the influenza pandemics (1) . Various diagnostic tests have been developed since influenza virus first characterized in 1933. These techniques are employed to confirm clinical diagnosis (2) .
Rapid detection of the virus is important to determine appropriate clinical intervention and to monitor these or related viruses during outbreaks or pandemic of emerging pathogens. Four methods have been routinely employed for detection of influenza virus: the virus culture, serology, immunofluorescent, and the viral nucleic acid detection (3) . Influenza virus isolation in embryonated chicken eggs was developed first by Burent et al. in 1940 (4) . Even after cell cultures had been widely used, eggs continued to be the standard host for isolation of influenza viruses. In 1975, Tobita et al. (5) reported that MDCK cells are suitable for propagation of influenza viruses. Conventional laboratory diagnosis of influenza is based on the virus isolation and serological testing. Virus culture using MDCK cells is currently accepted as 'gold-standard' for laboratory diagnosis of influenza virus (1). RT -PCR, an alternative approach for rapid detection of influenza viruses, was first reported in 1991 (6) . The purpose of this study was to compare RT -PCR assay for detection of human influenza viruses in patient's respiratory samples directly or after culture in MDCK and/or ECE.
Methods

Specimens
Swabs from suspected individuals (Samples for this work were provided kindly by Ekbatan Clinic; Tehran-Iran and Dr. Nikbin.). Swab was transported in a tube containing 3 ml viral transport medium (VTM) at 4°C. The tubes were centrifuged at 1157 g for 5 min. The supernatants were used for virus isolation and RNA extraction. All specimens were stored frozen at -70°C for further testing. These samples were collected from October 2005 till January 2007. Influenza virus isolation in MDCK culture MDCK continuous cell line was used in 24 well plates to isolate influenza viruses. Cells were seeded at a concentration of 5 × l0 6 cells/ml in Dulbecco's modified Eagle's medium (DMEM) (Sigma, St.Louis, MI), supplemented with 10% heat-inactivated fetal bovine serum (FBS) (Gibco, Gaithersburg, MD), 100 IV/ml penicillin G and 100 ug/ml streptomycin. After one day, the medium from seeded well was removed gently and cells were washed with PBS. A 200 ul of sample specimen was inoculated into 2 wells of MDCK cells. The inoculums were allowed to absorb at 37°C for 60 min in a 5% CO 2 humidified incubator and then 1 ml of DMEM containing 2 ug/ml of trypsin was added to all wells. The cells were incubated at 37 DC in 5% CO 2 for 6 days. The plates were observed daily for cytopathic effect (CPE). Also, the culture medium was examined every other day for hemagglutinin activity (HA) using a 0.5 % suspension of chicken erythrocytes. Following RNA extraction RT-PCR was performed to determine type and subtype of the positive samples.
Influenza virus isolation in ECEs
12-day-old specific pathogen free (SPF) ECEs were examined with egg candler. The labeled eggs were placed with blunt end up into egg tray and inoculated via allantoic sac with 100 ul of clinical specimens (3 eggs per specimen). The inoculated ECEs were incubated at 35°C for 3 days, and then allantoic fluid of each egg was harvested separately to do end-point titration by hemagglutination assay with 0.5 % suspension of chicken erythrocytes. [7] . A total 5 ul of cDNA was added to 20 ul of master mix containing 1 xPCR buffer, 1.5 mM MgCh, 0.2 mM dNTPs (Fermentas, Lithuania), 1.5 V Taq polymerase enzyme (CinnaGen) and 1 ul of each appropriate primers (forward and reverse) (CinnaGen). Amplification of DNA was carried out at 95°C for 5 min for reverse transcription followed by 35 cycles of denaturing at 94°C for 30 sec, annealing at 63°C for 30 sec and extension at 72°C for 30 sec. The PCR was completed with a final extension step at 72°C for 5 min.
RT-PCR
Sensitivity of RT-PCR method
The sensitivity of detection of human influenza virus with gene specific primer sets used individually in a RT-PCR reaction was determined by analyzing amplified RNA 
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Results
MDCK cell culture
In total, five out of 57 samples (8.7%) were positive for influenza virus by cell culture. The culture media was tested for HA activity and following RNA extraction RT-PCR was performed to determine type and subtype of the positive samples and the results are as follow: 3 INFV A (2 H3N2 and I HINI) and 2 INFV B. An HINI sample strain which showed cytopathic effect (CPE) on MDCK cells (Fig.  I) , was positive in RT -PCR, but negative in HA (Fig. 2) . RT-PCR was able to detect INFV in 7 out of 52 negative samples in cell culture system (6 were positive for H3N2 and 1 was positive for HINl). All samples that were positive for INFV by cell culture also gave positive results in RT -PCR. In total, 12 (21%) of the 57 clinical samples were positive for influenza virus by RT-PCR; 10 for INFV A including 8 H3N2 and 2 HINI and also 2 for influenza B (Table  1) (Fig. 3 and 4) .
ECE virus culture
In the 57 samples, the rate of isolation in ECE system was (3.5%) detecting 2 INFV A (H3N2). RT-PCR was able to detect INFV in 10 out of 55 negative samples in ECEs. All samples that were positive for INFV by ECEs also gave positive results in R T -PCR.
Direct RT-PCR on nasopharyngeal samples
In order to detect cases of false-positive and falsenegative results, RT-PCR was performed with a new RNA extract for all nasopharyngeal samples. In addition to 5 positive cell cultured specimens, seven more samples tested positive doing direct RT-PCR.
Sensitivity of the RT-PCR assay
The RT-PCR products were loaded on agarose gel and intensities of the DNA bands decreased with increased dilution of the virus in the sample. Stock virus diluted up to 10 -4 was detectable for influenza type and subtype genes. The sensitivity of detection was about 10-30 TCID50 (Fig 5) .
Discussion
Laboratory diagnosis of influenza has become a cornerstone of prevention, containment surveillance, and treatment of the associated illnesses. Emergence of the novel strains of the virus has extended the role of the laboratory to include isolation and sub-typing of the viruses for disease surveillance and vaccine development (8, 9) In this study, we compared three different diagnostic methods for detection of INFVs on nasopharyngeal samples. We noted that RT -PCR identified more positive samples than culture methods as previously reported (10) (11) (12) (13) . Virus isolation in cell culture and embryonated chicken egg missed 58% & 83% of influenza virus-positive samples respectively. In addition, once viral RNA is extracted from the specimen, it can be used in RT -PCR not only to identify type, but also subtype of the virus. Therefore, this is a rapid and sensitive assay suitable to diagnose the disease especially in pandemics. MDCK cell line was chosen for isolation of influenza virus based on a previous study (14) , in which different cell lines were compared for isolation of influenza A virus. The sensitivity of the MDCK cell line was greater than the sensitivity of the Vero and MRC-5 cell lines and as a result, the MDCK cell line was 
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recommended for the isolation of influenza viruses (5) . From 1975 on, MDCK cells were more frequently used for isolation of influenza A viruses after it was found that adding trypsin to stimulate the growth of influenza A viruses enables many influenza virus strains to form plaques with high efficiency (5) . In addition to embryonated eggs, MDCK cells in culture medium containing trypsin are now considered a valuable system for isolation of these viruses from clinical specimens (15, 16) . It has been reported that certain human influenza isolates do not grow in embryonated chicken egg as well as in cell culture (17) . Although influenza virus culture has been considered for diagnosis for a long time but it often takes 5 to 10 days to perform, thus this method is time consuming. In addition it may miss some positive samples. Therefore, it was necessary to establish a more suitable test. In some national surveillance schemes, the benefit of utilizing RT-PCR has been demonstrated successfully (18). In Portugal, a comparison of multiplex RT-PCR for detection of influenza viruses with culturing, enzyme immunoassay (EIA) and serology was performed during surveillance over seven influenza seasons from 1992 to 1999 (19). More samples were found to be positive by RT -PCR than by any of the other methods used. It was shown that annual outbreak of influenza activity in Scotland was monitored by a community-based surveillance scheme from 2000-2001 by molecular detection alone. This decision was made following the results of a comparison of RT-PCR with culturing and serology, which had been reported (20) . Since isolation of the virus in embryonated chicken egg provides high quantities of virus, reference laboratories utilize this culture system to enable the production of virus stocks for epidemiological monitoring. In present study, only 3.5 % of the samples were positive using embryonated chicken egg and 8.7% were positive using MDCK culture; while about 21 % positive samples were detected using RT-PCR. In conclusion, this study has described that detection of influenza viruses by molecular methods have an important role to characterize circulating influenza strains. The data presented in this paper demonstrated that the RT-PCR method is more suitable for detection of human INFVs from clinical samples, and the use of RT-PCR is more sensitive and rapid than other established methods.
